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      Among short fiber reinforced composites, those with rubbery matrices have gained 
great importance due to the advantages they have in processing and low cost, coupled with 
high strength. These composites combine the elastic behavior of rubber with strength and 
stiffness of fibers. Reinforcement with short fibers offers some attractive features such as 
design flexibility, high modulus, tear strength, etc. The degree of reinforcement depends 
upon many parameters such as: the nature of the rubber matrix, the type of fiber, the 
concentration and orientation of the fibers, fiber to rubber adhesion (generation of a strong 
interface), fiber length and aspect ratio of the fibers.  
 
    In this research Aramid fibers were chosen because of their significantly higher modulus 
and strength, compared to other commercial fibers; and Natural Rubber was selected as the 
main Elastomer used in treads of truck tires. For this purpose composites of Natural Rubber 
with aramid fibers of Teijin Aramid BV, with three different kinds of surface treatments, 
have been prepared. And for comparison a typical hose compound has been made based on 
Ethylene Propylene Diene Rubber (EPDM). The different treatments of the fibers were 
standard finish which is a kind of oily substance that is added on the fiber surface to 
facilitate processing, epoxy coating, and Resorcinol Formaldehyde Latex (RFL) coating. 
The last one is a well known fiber-cord coating which is already being used in rubber 
industry, since more than 50 years. The NR based compound was mainly consisting of 100 
phr of NR, 55 phr of carbon black and 8 phr of oil which is a typical recipe for a truck tire 
tread compound, and the EPDM based compound was mainly consisting of 100 phr of 
rubber, 105 phr of carbon black and 60 phr of oil. For the NR compound a sulfur-based 
curing system was used and for the EPDM compound, a peroxide curing system has been 
chosen. Both masterbatches have been made in 150 liter industrial internal mixer. The 
curatives and short fibers were added on a laboratory two roll mill. Tensile tests were done 
in the longitudinal direction of fiber orientation on both EPDM and NR samples containing 
5 phr of each kind of fiber treatments, and the fractured surfaces of tensile bars were 
studied with electron microscopy. Dispersion of the fibers has also been studied using 
electron microscopy on fractured surfaces of the same composites, with the fibers oriented 
in both longitudinal and transverse directions.  
 
      Figure (1) shows the tensile test results of EPDM and NR compounds. The results show 
that adding fibers causes a drop in elongation at break and tensile strength as expected, but 
that adding fiber results in higher amounts of stress in both low and high strains. It can also 
be seen that the degree of reinforcement in NR is far less than that in EPDM. Moreover, in 
the case of NR no significant effect of fiber treatment type is observed, but in the case of 
EPDM, on the contrary, the effect of RFL in the range of low elongations till more than 
100% can be clearly seen.  
      Picture (1) shows the tensile fracture surfaces of NR and EPDM containing 
longitudinally oriented fibers with different types of treatments. No significant sign of 
adhesion can be seen for the case of composites containing fibers with standard finish and 
epoxy coatings. But the rubber attached to the surface of fibers in the EPDM compound 
shows the reinforcement effect of RFL in this case. This can not be seen in the NR 
compound containing RFL treated fibers.  
      Improvement in tensile properties of composites containing fibers treated with standard 
finish and increase in stress at both low and high elongations in all composites show that 
mechanical interaction is of great importance in fiber reinforcement. Picture (2) shows the 
surface of a free standing aramid fiber and the surface of a fiber which has been bended.  
The surface of aramid fibers becomes rough because of bending and that relates to the 
highly crystalline layer structure of these fibers. Bending happens a lot of time during 
mixing, which makes the surface of fibers to become rough. The roughness of fiber 
surfaces can be seen also in picture (3) which shows fibers in a tensile fractured surface. 
     The fact that the reinforcing effect of fibers in EPDM is higher than in NR can be due to 
several reasons. One important reason can be better dispersion of the fibers in the EPDM 
matrix. Picture (4) shows the tensile fracture surface of EPDM and NR, both containing 5 
phr fibers with standard finish; the tests have been done in both longitudinal and transverse 
fiber directions and, as can be seen, the fibers are distributed more uniformly in the EPDM 
matrix. This conclusion can be confirmed also from picture (5) which shows the dispersion 
of fibers with standard finish treatment in two elastomer model systems, containing no 
fillers, oil, etc. The same trend has been observed for the two other types of treatments too, 
and in every case fibers showed to be better dispersible in the EPDM, compared to the NR 
matrix. 
    The shape of the tensile graph of EPDM containing RFL treated fibers shows that the 
tensile stress is increasing rather fast in the beginning, reaching a shoulder, then decreasing 
slightly and increasing again. This means that in the beginning because of good interaction 
between EPDM and RFL-treated fibers, the applied load is mainly transferred to the fibers: 
so the stress increases rather fast, then after around 30% elongation, the deformation on the 
interface of fiber-rubber becomes too high, so that afterwards the interaction is mainly due 
to friction, like in the case of composites containing other kinds of fibers.    
 
       In fact as has been mentioned before, RFL is considered a good adhesive for fiber-
cords in NR based compounds. But our results showed that contrary to EPDM, there is 
almost no difference in reinforcing effect of RFL treated fibers in NR, compared to the 
other two kinds of fiber treatment. There can be several reasons for that; one important 
reason can be oxidation. In adhesion of RFL to NR, the latex in RFL plays an important 
role in forming chemical bonds between fiber coating and rubber. On the other hand this 
latex can be oxidized, and after oxidation the RFL would not be able to chemically adhere 
to natural rubber. It should be mentioned that the RFL treated fibers which have been used 
in our experiments were stored for some period of time. But the fact that the same fibers 
adhere very well to EPDM implies that other mechanisms rather than chemical interaction 
between latex and rubber are also involved in RFL reinforcement. For example, the 
adhesion mechanisms in peroxide curing compounds can be different. Figure (2) shows the 
tensile curve for a peroxide-cured NR without fiber and with 5 phr fibers of standard finish 
and RFL treated fibers. The curves clearly show that contrary to the NR-sulfur system, in 
the NR-peroxide system the adhesion effect to RFL is improved, although the reinforcing 
degree is not as much as for an EPDM compound, which can be due to poorer dispersion of 
fibers in NR, as has been mentioned before. 
     Finally, our results showed that not only the chemical adhesion, but mechanical 
interaction between fibers and rubbers is also important in reinforcement; so when there is 
good friction in the interface, fibers can reinforce the material even at high elongations 
when no chemical adhesion can exist.  
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Figures 
 
 Figure (1): Tensile results for longitudinally oriented fibers-rubber samples; without fiber 
(WF) and composites containing fibers with three different coatings:standard finish (StF), 
Epoxy treated (EpT) and RFL 
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Figure (2): Tensile results for longitudinally oriented fibers-NR samples, peroxide cured; 
without fiber (WF) and composites containing fibers with two different coatings: standard 
finish (StF) and RFL 
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Picture (1): Tensile fracture surface, of rubber samples containing longitudinally oriented 
fibers with three different coatings: standard finish (StF), Epoxy treated (EpT) and RFL 
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Picture (2): short aramid fibers with standard finish  
   
                             
 
 
 
 
 
 
 
 Picture (3): short aramid fiber (StF) in tensile fracture surface 
 
 
 
 
 
 
 
 
 
 
Picture (4): Fracture surfaces of rubbers containing 5 phr (StF) fibers 
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Picture (5): dispersion of 1 phr fibers with standard finish treatments in EPDM and NR 
model systems 
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